Abstract-In mobile opportunistic networks, the network topology is unpredictable and very dynamic. Thus, broadcast or flooding is the best way to disseminate information. However, this approach consumes a lot of resources and introduces a duplication problem. One way to overcome this problem is to understand the relationship between the mobile nodes to guide the information dissemination flow. In this paper, we introduce three different approaches to form a node social relationship based on the node frequency interactions. The methods are Social structure based on average frequency interactions, Social Structure based on Periodicity Frequency Interactions and Social Structure based on Sliding Window. The results show that it is possible to form a social structure based on the nodes frequency interactions with other nodes. The most suitable approach to represent the nodes social relationship in opportunistic networks is the social structure based on Sliding Window approach.
I. INTRODUCTION
Mobile opportunistic networking has been developed by the networking community as an evolution of delay tolerant networking. Instead of end-to-end connectivity being available at a single point in time, connections may be intermittent and so the path of links between source and recipient is spread over a period of time. So there may be no complete path ever existing between sender and receiver [1] . Therefore, in this situation the mobile nodes have to use a store, carry and forward technique in order to deliver the information. The communications between nodes is based on peer-to-peer concept and it uses a short range communication technologies such as Bluetooth, WiFi and ZigBee.
In mobile opportunistic networks, the network topology is unpredictable and very dynamic. So, broadcast or flooding is the best way to disseminate information. However, the flooding consumes a lot of resources and introduces an information duplication problem. This problem inspired number of researchers to propose a new way of disseminating information in opportunistic networks. The proposed information dissemination technique can be classified into three categories;epidemic routing, probabilistic routing and context based routing. Epidemic Routing introduced in [2] is an improvement of flooding based technique. In original form [2] , instead of passing information to all known neighbours, it uses information index (summary vector) exchange process to avoid sending the same information to same nodes. The probabilistic introduced in [3] extends the epidemic routing approach. Each node calculates predictability delivery of encountered nodes. This probability reflects whether the encountered node is a good forwarder or not. Context Based routing exploits user information for routing purposes. Information such as user address, location, and preference are the examples of information that can be exploited. CAR [4] , HiBOP [5] are the techniques that are classified under this category. This technique requires a memory to store information and the state of the nodes. Moreover, it also requires nodes to update and to recalculate to provide a better route solutions. The context based routing is very close to our social structure concept. However, instead of exploiting the user information, our approach focus on exploiting the mobile nodes frequency interactions to form a social structure.
In a general literature, a social structure can represent many relationships between nodes (people, devices, organization) in social networks. The relationships between nodes can be made from different interdependencies, such as friendship, knowledge, beliefs and other elements that make nodes share or exchange things. According to Jhon Guare [6] , people are actually separated by "six degrees of freedom", which means that on average short paths connect any pair of people. This was originated by Millgram [7] experiment where people in United States are separated by about six people on average, which is referred to as a "small world". Both studies show there are links connecting people in this world which they may not be aware of. Based on this work, we are inspired to deployed this concept to investigate if it is possible to form a social structures in opportunistic networks.
In this paper we look at the underlying structure that may emerge from interaction between nodes caused by the nodes mobility. By social structure formation we mean that nodes will come in range of each other on number of occasion. Depending on the mobility of nodes, certain nodes may more frequently see each other, and this can be modeled by a link in a graph, which when repeated across all nodes provides a social structure. In the previous works [8] [9] [10], the social links are represented by a "utility functions" that associated to the data objects and how frequently they group together. To the best of our knowledge, there is no work has investigate different ways of forming social structures in mobile opportunistic networks. So, in this paper we focus on proposing different technique of forming a social structure based on the nodes frequency interactions.
The objective of proposing the different methods of forming a social structure is to examine the effect of different level of frequency interactions on the social structures formation. The methods that we use is based on the past interactions history which has been used in [11] [12] [3] [13] . We propose three different methods in forming the social structure based on the nodes' past interactions. The methods are Social structure based on average frequency interactions (in Section II-A), Social Structure based on Periodicity Frequency Interactions (in Section II-B) and Social Structure based on Sliding Window (in Section II-C).
The outline of the paper is as follows. The next section explains the proposed approach to form of social structure, while Section 3 discusses the key performance indicator used to assess the social networks for each approach. In section 4, we analyse the results for each approach and the comparison of the result is presented in Section 5. Finally, Section 6 provides further insights and discussion.
II. THE PROPOSED SOCIAL STRUCTURE FORMATION APPROACH
In this section we discuss the three different approaches to form a social structure. In forming a social structure, the terms period, slot and time step is used across all the approaches. Therefore, it is necessary to define those terms clearly. The terms are define as follows:
• Time step -a unit of time in the simulation.
• Period -is a period of time from t x to t x+n where n is the size of the period, t x indicates the time at x where x can be a 1,2,3,...x • Slot -is a single time step in period.
A. Social structure based on average frequency interactions
This approach uses the frequency of interactions to form a social structure. The "frequency interaction" measures how many times the same pair of nodes are co-located and interact within a given period of time. The nodes interaction frequencies for each node pair is recorded at every simulation trial. The average frequency interaction is calculated after all the simulation trials have executed. A threshold is used to examine the frequency of interactions occurring between nodes. A Threshold is a minimum value of frequency interaction for which a link is defined between two nodes. For example if a threshold is x value, to establish a link between nodes, the nodes must interact more than or equal to x value over the duration of the simulation.
B. Social Structure based on periodicity frequency interactions
The formation of social structure using this approach is based on the interactions frequency that occur in a given period of time. For example, let the size of period is 5 minutes and x and y are mobile nodes. At the first period (0-5 minutes), assume that the node x and y have managed to establish links between them. But, in the next period of time (5-10 minutes), no interaction found between both nodes. Therefore, a link cannot be established between the nodes in the second period of time. This example shows that the nodes frequency interactions for different period affect the formation of social structure. Therefore, it is significant to investigate the impact of different period sizes on the social structure formation. Equation 1 is used to determine the percentage of a node exist in a given period of time.
Where poe i is a percentage of node i exist in a give period, f i is the number of node i found in that period and nos is the number slots in the period. The percentage of existence is used to determine the formation of links (social structure). In the experiment results, a threshold (in percentage) is used as a minimum percentage of existence for a particular node in a given period of time in order to form a social structures (links). For example a link between nodes is formed when a node's poe is higher that the threshold value. Based on Figure  1 , let say node A has detected node B 300 times in period 1. So, the poe of node B is 10%. If the threshold is set to 10%, then a link from node A to B is establish at period 1. This link is only valid at period 1 and it will change depending on nodes A and B frequency interactions in the next period.
C. Social Structure based on a sliding window
This approach uses a Sliding Window to determine a node interactions frequency to form a social structure. Sliding Window (SW) is a frame that subdivided into number of slots. Each slot holds a data. The data in each slot is shifted one slot per simulation time. So, the contain of frame is changed over the time. In our experiments, each node maintains its own SW locally. Each node records an ID of a node that it has established an interaction. By compiling all information in SW, we can have a frequency of interaction for a particular node at the specific time.
The following are the terms definition that used:
• Social Structure List (SSL) -records the nodes that in a particular node's social structure.
• Social Structure Quota (SSQ) -is a maximum number of nodes that can be listed in SSL.
• Threshold -is a minimum frequency of a node found in SW in order to be included in SSL.
• Link -is an edge between two nodes that are co-located more the threshold value. Through this approach, we are able to capture a node interaction frequency at a specific time. Figure 2 illustrates the SW mechanism. Based on the figure, the content of slot is changed when a new input (node 6) is added into a frame. All contents are shifted by one at every time step. The last element in a frame will be dropped. The SW is updated at every time step. Assume that the current time step is 28 and the size of SW is 5. The observed steps within the SW are 27, 26, 25, 24 and 23. The nodes that listed in a SW are potentially to be included in a node Social Structure List (SSL).
A link is formed when a particular node is found in the SW greater or equal to the threshold value. For example, let the size of SW is 40 and node A has discovers node B 20 times in its SW. If the threshold is set equal to 10, then a social link is established between node A and B. However, the link between node A and B will be changed depending of the content of the Sliding Window after it being shifted.
III. METHODS OF EVALUATION
The three approaches that propose in this paper use different ways of forming a social structure. This aim of this paper is to examine the possible ways of forming a social structure based on mobile nodes frequency interactions. Notes that, the results presented in this paper is not comparing which approaches is better to be used to form a social structure in mobile opportunistic networks but rather discovering the way of forming a social structure in mobile opportunistic networks.
We evaluate each social structure that formed by different approaches using Degree Centrality measurement [14] , [15] which is one of the approach used in social network analysis. This measurement is focuses on the link density. Because our data is non-symmetric, a node will have In Degree and Out degree. Notes that the graphs that presented in the results are directed graphs, where a link from one node to another nodes is depends on the link directions. Therefore, to measure the Degree Centrality of non-symmetric data, UCINET [16] uses In Degree and Out Degree links to differentiate the links' directions. In Degree is the number of incoming links as shown in Figure 3 . This metric indicates the popularity of a node in the networks. Out Degree is the number of links that a node connected to as shown in Figure 4 . This metric measures how a node influences other nodes in the networks. In Degree and out Degree are useful metrics to observe to evaluate the usefulness of social structure formation. 
IV. RESULTS
The organization of the results in this section is based on the social structure formation approaches as mentioned in Sections II-A, II-B, and II-C. The main purpose of the results are to examine the effect of methods of forming links on the social structure. The results are generated using different parameters according to the approach attributes to examine different formation of social structures. The duration of simulation for every experiment is 9000 simulation time steps (15 minutes) and each simulation is repeated 50 times (trials) with different random seed generation (to avoid bias in the results). The test scenario considers 100 nodes randomly place in 500 square meters. The statistics presented in the tables provide more information about the figures.
A. Social structure based on average frequency interactions
This section presents the results of a social structure formation using average frequency interactions approach. We set the threshold between 20 to 80 for each experiment to monitor the frequency of nodes interactions. Figure 5 shows the social structures using average frequency interactions approach. From the Figure, we can observe that:
• Based on Figures 5(a) , 5(b) and 5(c) increasing a threshold value does not change the formation of links between nodes. This is because most of the nodes are able to maintain and co-located 60 times on average with the same node within the simulation period.
• When the threshold is further increases (more than 80), the number of links are decreased as can be seen in Figure 5 (d). This is because it is difficult for a nodes to be co-located with the same nodes more frequently as the movement of nodes is dependent on the Random Mobility model. It is clearly observe that the density of links in Figure 5 becomes less when the threshold value is increased.
• Based on the statistics in Table I , the density of links exist are is the largest i.e 389 when a threshold value is 20. This is because it is easy to form a relationship between nodes when the threshold i.e the policy of links establishment is small. A high density of links indicate a good relationship among the nodes. 
B. Social Structure Based on Periodicity of Frequency Interactions
Under the periodicity of frequency interactions, we investigate a formation of social structures using different periodicity frequency interactions. We use three different periodicity sizes, 300 seconds, 600 seconds and 3000 seconds for our experiment.
From Figure 6 , we can see that there is no significant social structures are formed when period size is set to 300 seconds. This is because 300 seconds is not enough for a node to establish relationships with other nodes. As the period time is increases, a node has more time and opportunity to be colocated with other nodes. This helps in developing a node social relationships. As we can see in Figures 7(a) and 8(a) the density of links increases as the period of size is increased. From the statistics in Table II , we can see that the number of links is increases from 36 to 138 links in total when the size of period is increased from 600 seconds to 3000 seconds. This shows that the same nodes have a high potential to be co-located more frequently when the size period is large. 
C. Social Structure Based on Sliding Window
This section presents the formation of social structures using frequency interaction based on sliding window approach. For this approach, we set each node has 10 social structure quota and the size of sliding window is 40. We vary the threshold From Figure 9 , we can observe that the number of links between nodes are decreases when the threshold value is increased. This is because it is difficult to have a node to be co-located frequently with the same nodes within a short period of time. The density of social structure in Figure 9 are less as compared to the density of social structure in Figure 10 . This is because the social structure is captured at a different time (i.e, at 500 and 1000 seconds). At 1000 seconds, nodes already have met many nodes and this helps in shaping the Table III and IV, we can see that the number of links are formed at 1000 second is 5 time bigger that the number of links formed at 500 seconds. This indicates that the social structures have different pattern at different point of time. It is depends on the nodes interactions frequency. We also observed that the number of links decreases when threshold is increased. This shows that the policy of forming a social structure is influences the social structure formation. From the results we can state that:
• It is possible to capture a social structure in mobile opportunistic networks using nodes frequency interactions.
• the formation of social structure is depended on the policy of the nodes interactions .
• a social structure of nodes is different at different point of time.
V. CONCLUSION
In this paper three different approaches of forming social structures have been investigated. The approaches are social structure based on average frequency interactions (section II-A), social structure based on periodicity frequency interactions (section II-B) and social structure based on Sliding Window (II-C).
The social structures is formed based on average frequency of interaction is essential to analyse the nodes' profile interactions. It provides the general picture of nodes' social structures. The periodicity frequency approach is more focus and useful to use to understand a node social structures for a given time period. The last approach, is more appropriate to be deployed in mobile opportunistic networks as the formation of the social structures are dynamic and represent the current nodes interaction in which represent the underlying current network topology.
The proposed social structure in this paper can be used as an alternative way to improve the data dissemination in opportunistic networks i.e. to reduce the overhead costs while maintaining the performance as close as to the flooding dissemination performance.
